Adherence and persistence to disease-modifying drugs (DMDs) for multiple sclerosis (MS) promote optimal outcomes.[@bib1]--[@bib6] Intolerable adverse events (AEs) are a common reason for discontinuing DMDs in the first 2 years of treatment regardless of route of delivery.[@bib2],[@bib4],[@bib7]

Delayed-release dimethyl fumarate (DMF) is indicated for the treatment of persons with relapsing forms of MS (PWMS) at a maintenance dosage of 240 mg twice daily by mouth.[@bib8],[@bib9] As of January 31, 2019, more than 385 000 patients have been treated with DMF, representing more than 710 000 patient-years of exposure. Of these, 6335 patients (12 985 patient-years) were from clinical trials.[@bib10] Dimethyl fumarate has shown a favorable benefit-risk profile for PWMS recruited in both clinical trial and real-world settings.[@bib11]--[@bib15] The continuously low level of clinical and neuroradiologic disease activity is reflected in quality-of-life benefits.[@bib11],[@bib12],[@bib14]--[@bib16]

Analysis of AEs from 1529 PWMS with 2244 person-years of exposure to DMF in clinical trials revealed that gastrointestinal (GI) events predominated.[@bib10] They present most frequently in the first month of treatment and are usually mild or moderate in severity.[@bib17],[@bib18] The most common DMF-associated GI AEs are nausea, vomiting, abdominal pain, and diarrhea.[@bib17],[@bib19],[@bib20]

Discontinuation of DMF treatment due to GI AEs has been relatively low in clinical trials (4% DMF, \<1% placebo),[@bib17] but GI AEs may have a greater impact in clinical practice.[@bib18],[@bib21]--[@bib24] In the postmarketing MANAGE and TOLERATE studies conducted in the United States and Germany, respectively, 10% of PWMS starting DMF for the first time discontinued treatment before 12 weeks because of AEs, primarily because of GI AEs.[@bib18],[@bib23] Preliminary subgroup analysis of data from the real-world PROTEC study of persons with early MS indicates that, during 12 months of DMF use, 11% discontinued DMF because of AEs.[@bib21] The most common GI AEs leading to DMF discontinuation in PROTEC were abdominal pain (2%), vomiting (2%), and diarrhea (1%).[@bib21]

Given that GI AEs represent a leading cause of DMF discontinuation, mitigation strategies that maximize treatment adherence and persistence are warranted.[@bib17],[@bib18],[@bib25] Addressing DMF-associated GI AEs requires collaborative efforts by healthcare professionals. In late 2015, consensus was reached among physicians prescribing DMF on strategies for management of DMF-related GI AEs, including (1) coadministration with food, (2) dose titration for up to 4 weeks when initiating DMF therapy, (3) temporary dose reduction to 120 mg twice daily for 2 to 4 weeks, and (4) use of specific symptom-directed therapies.[@bib26] Strategies 1 and 4 are supported by retrospective analysis of the real-world EFFECT study.[@bib25] As part of ongoing efforts to improve the treatment experience for PWMS, we surveyed MS nurses to gain insights into their GI AE tolerability practices for PWMS receiving DMF. A modified Delphi methodology was used that investigated DMF uptake and administration, DMF-associated GI AEs, clinical interventions, and education.

Methods
=======

The Delphi technique is a widely accepted structured communication method that builds group consensus on an issue based on responses to iterative rounds of data-gathering and hypothesis-testing questionnaires.[@bib27] Our modified Delphi process used 2 rounds of anonymous surveys designed to gather robust, real-world, cross-sectional data on nurse support for PWMS with DMF-associated GI AEs. Caregiving strategies used by nurses to mitigate DMF-associated GI AEs were identified by first gathering feedback regarding best practices and then probing respondents\' expertise in patient care, education, and therapeutic support. Our Delphi process started in 2017, when an international steering committee of 7 certified MS nurses with 3 to 11 years of experience caring for PWMS taking DMF was established. Two sequential 30-minute questionnaires focused on identifying GI tolerability practices associated with DMF use were developed (see Figure, Supplemental Digital Content 1, available at <http://links.lww.com/JNN/A205>). The first round of the Delphi process featured open-ended questions on the following: (1) the incidence, characteristics, and impact of GI AEs associated with DMF; (2) interventions to ameliorate GI AEs associated with DMF; and (3) GI AE expectation setting for PWMS through education on DMF treatment.

Multiple sclerosis nurses from 7 North American or European countries in whose practices more than 20% of patients had been diagnosed with MS were invited to participate. All MS nurses had to be currently caring for PWMS treated with DMF. The MS nurses provided relevant demographic information, and round 1 and 2 questionnaire responses, through a web-based survey tool (provided by Ashfield Insight and Performance). Questionnaires were issued until the required numbers of responses were obtained in each country. Results from the first round were used to develop a 30-item second questionnaire (round 2), which was sent to round 1 respondents 5 months after the first questionnaire. Respondents were encouraged to provide detailed information and use their clinical judgment when answering questions. They were not referred to any AE definitions other than those provided as part of the questions. Respondents were offered compensation for their time.

Results from closed-ended questions were presented descriptively as incidences, percentages, and means. The number of respondents to whom each question applied was used as the denominator. Open-ended responses were treated as qualitative data and, when possible, coded into ranges and categories.

Results
=======

Respondents
-----------

Rounds 1 and 2 were completed 5 months apart by 239 and 190 MS nurses, respectively (see Table, Supplemental Digital Content 2, available at <http://links.lww.com/JNN/A206>). The distribution of respondents by country was fairly even, although representation from Canada was relatively modest at 8% in round 1 and 9% in round 2. Most respondents in round 1 were providing care for 100 or more PWMS receiving a DMD (70%), had more than 5 years of experience treating PWMS (82%), and were actively involved in patient education and support for MS DMDs (93%) (see Table, Supplemental Digital Content 3, available at <http://links.lww.com/JNN/A207>).

DMF Uptake and Administration
-----------------------------

Nurse-estimated experience with DMF in their clinics during rounds 1 and 2 was qualitatively similar, indicating internal consistency and hence a lack of bias in the Delphi process (see Figure, Supplemental Digital Content 4, available at <http://links.lww.com/JNN/A208>). However, whereas 96% of nurses in round 1 reported that the product label regarding the dose titration schedule (DMF 120 mg twice a day for 7 days followed by the maintenance dose of DMF 240 mg twice a day) was standard protocol at their clinic, 77% of nurses in round 2 reported that PWMS take 2 weeks or more to titrate up to the maintenance dose. This difference in reported titration time may have been due to the use of a closed question in round 1 versus a multiple-choice question in round 2. A second, less likely explanation is that clinical practices changed between rounds 1 and 2.

GI AEs Associated With DMF
--------------------------

Most nurses (77%) in round 1 reported that no more than 30% of PWMS treated with DMF experienced GI AEs. Similar findings were observed in round 2, when the questions distinguished between PWMS who had started DMF as a first-line therapy and those who had switched to DMF in the last 6 months, with a slight trend toward switching PWMS reporting fewer GI AEs (see Figure, Supplemental Digital Content 5, available at <http://links.lww.com/JNN/A209>). Compared with treatment-naive PWMS, those who switched may have been more tolerant of (and therefore less likely to report) DMF-associated GI AEs after the inconvenience and discomfort of injectable therapies. In round 1, 60% of respondents reported PWMS temporarily discontinuing DMF. In round 2, 48% of respondents reported PWMS temporarily discontinuing DMF in the first 6 months post treatment initiation, citing diarrhea (75%) as the most common reason for treatment interruption (see Figure, Supplemental Digital Content 5, available at <http://links.lww.com/JNN/A209>). Most PWMS who discontinued successfully restarted treatment, most often by titrating the DMF dosage more slowly than before and using symptomatic therapies (Fig [1](#F1){ref-type="fig"}). Nausea (mean rank, 2.50) and abdominal pain (mean rank, 2.54) were the most common reasons for permanent discontinuation in the first 6 months, whereas abdominal pain (mean rank, 2.44) was the main reason in subsequent months (see Figure, Supplemental Digital Content 5, available at <http://links.lww.com/JNN/A209>). Constipation was the least common reason for permanent discontinuation.

![Patient strategies for successfully restarting delayed-release dimethyl fumarate (DMF) treatment after discontinuation (round 2)](jnn-52-72-g001){#F1}

Country-specific analysis indicated that the percentage range of PWMS treated with DMF who experienced GI AEs varied widely (see Figure, Supplemental Digital Content 6, available at <http://links.lww.com/JNN/A210>). Most respondents in France (36/37 nurses, 97%) reported that no more than 30% of PWMS treated with DMF experienced GI AEs, whereas only 42% of respondents in Canada (8/19 nurses) reported a similar GI AE rate, with the remaining 58% reporting GI AE rates higher than 30%. Nurses in the United States reported a higher rate of PWMS experiencing DMF-associated GI AEs and permanently discontinuing DMF because of such AEs than nurses in other countries (see Figure, Supplemental Digital Content 6, available at <http://links.lww.com/JNN/A210>).

Interventions
-------------

In round 1, respondents estimated that concern about possible GI AEs always or almost always impacts treatment choice for 42% of PWMS and 38% of healthcare providers. For 86% of round 1 respondents, recommending that PWMS take DMF with food is always or almost always standard protocol, although 60% did not specify particular types of food. Only 24% and 23% of respondents recommended that DMF be taken with a high-protein and high-fat meal, respectively. Coadministration of DMF with a meal as opposed to administration of DMF 30 minutes before or after a meal or not coordinated with meals was recommended by 58% of round 1 respondents. Country-specific analysis revealed notable differences among individual countries, with 47% of respondents from Canada (9/19 nurses) and the United Kingdom (17/36 nurses) recommending that DMF be taken with a high-fat meal versus 6% to 22% of respondents from other countries.

Three-quarters of respondents recommend pharmacologic interventions to help mitigate GI AEs, and two-thirds recommend nonpharmacologic interventions (see Figure, Supplemental Digital Content 7, available at <http://links.lww.com/JNN/A211>). Respondents considered both approaches equally effective, and 68% had recommended both types of intervention in the same patient in the past 6 months. Dietary changes were the most frequently recommended nonpharmacologic intervention, suggested by 91% of nurses (see Figure, Supplemental Digital Content 7, available at <http://links.lww.com/JNN/A211>). The most common dietary changes in response to GI AEs in round 2 were herbal tea and increased protein content (Fig [2](#F2){ref-type="fig"}). Most respondents (61%) also recommended temporary dose reduction as a nonpharmacologic intervention (see Figure, Supplemental Digital Content 7, available at <http://links.lww.com/JNN/A211>). Round 1 data indicated that the duration of the DMF dose reduction ranges from 1 week to 3 months for upper and lower abdominal pain, from 1 to 2 weeks for nausea and vomiting, from 2 to 3 weeks for diarrhea, and from 1 to 3 weeks for constipation.
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Education
---------

Most round 1 respondents agreed that education about GI AEs before DMF initiation (96%) and during the first 3 months of treatment (95%) contributes to adherence. In round 1, 90% of nurses provided education to PWMS when initiating DMF, usually as verbal communication in consultations supplemented by written information (see Figure, Supplemental Digital Content 8, available at <http://links.lww.com/JNN/A212>). Most PWMS are counseled on the likelihood of GI AEs before DMF initiation, usually not only by nurses but also by doctors.

Similarly, in round 2, 91% of nurses provided education to PWMS about the prospect of GI AEs (see Table, Supplemental Digital Content 3, available at <http://links.lww.com/JNN/A207>) to empower self-management. Nearly three-quarters of nurses reported spending 11 minutes or more educating PWMS on the possibility of DMF-associated GI AEs before their first dose and on subsequent visits. Educational materials created by clinics were considered the most effective patient-support resource (see Table, Supplemental Digital Content 3, available at <http://links.lww.com/JNN/A207>).

Discussion
==========

These real-world cross-sectional data provide information on DMF use in clinical practice and on current MS nurse strategies to support PWMS with DMF-associated GI AEs. Most MS nurses reported in round 1 that the label recommendation for DMF dose titration was followed in clinical practice; however, the more recent round 2 analysis suggests that most nurses favor a longer titration period before reaching the maintenance dose. In a previous Delphi study, 200 clinicians highly experienced in prescribing DMF for MS in the United States and Canada characterized this as a useful strategy to reduce the incidence and/or severity of GI AEs.[@bib26]

The vast majority of nurses (86%) advise PWMS to take DMF with food, the same advice that 98% of clinicians provided in the previous Delphi survey,[@bib26] which was consistent with findings from the real-world EFFECT study.[@bib25] The product label in Europe and Canada states that DMF should be taken with food, whereas the US product label has no such stipulation; in the latter case, the "take DMF with or without \[food\]" direction is based on food having no clinically significant effect on the pharmacokinetic profile of DMF.[@bib8],[@bib9],[@bib28] Our survey data show that PWMS are not routinely informed of specific types of food to take with DMF. In the previous Delphi study, consensus was reached that a high-protein, low-starch, and (in particular) high-fat meal had the capacity to reduce the impact of GI AEs with DMF therapy. More research and education are required on the impact of food on DMF administration in PWMS, taking into account cultural variation among the countries surveyed.

An interesting finding was the comparable frequency of use of pharmacologic and nonpharmacologic interventions to address specific GI symptoms, which appeared equally effective at keeping PWMS on DMF. The popularity of herbal tea as a dietary intervention was unexpected, highlighting the need to better understand how food and beverages may assuage DMF-associated GI AEs. When comparing the effectiveness of pharmacologic and nonpharmacologic interventions, consideration must also be given to the therapeutic benefit PWMS derive from talking to a healthcare practitioner about GI AEs as well as the likelihood that PWMS who stay on the medication longer adjust to GI AEs during that time. Most nurses agreed that patient education on potential DMF-associated GI AEs contributes to adherence. The results support the value of care that nurses provide for DMF-treated PWMS, particularly in practices where DMF accounts for a large proportion of all disease-modifying therapies.

Temporary dose reduction as a nonpharmacologic intervention was supported by most round 2 respondents as a strategy to lessen the impact of treatment-emergent GI AEs and is consistent with best practice.[@bib23],[@bib26] The duration of the dose reduction in round 1 ranged from 1 week to 3 months, depending on GI AE type, which compares with a DMF dose reduction duration of 1 to 2 weeks in previous studies.[@bib23],[@bib26] Instituting a temporary dose reduction is a shared care decision involving the entire healthcare team and consideration of each patient\'s preferences.

Given interstudy methodological differences, data from this Delphi study should not be compared with clinical trial data (DEFINE and CONFIRM)[@bib17] or real-world data from the United States (MANAGE)[@bib18] or Germany (TOLERATE).[@bib23] Data from these latter studies were collected directly from patients in a prospective format, and information on discontinuation rates in treatment-naive patients was provided. We would note, however, that most nurses (77%) indicated that 30% or less of PWMS reported GI AEs, slightly lower than the incidence reported in DEFINE and CONFIRM (40%)[@bib17] and far lower than that reported in MANAGE and TOLERATE (88% in both).[@bib18],[@bib23] An important finding not previously published was that nurses report that many PWMS can restart DMF after temporary discontinuation with appropriate strategies in place.

The inclusion of a large number of nurses across several jurisdictions with lengthy experience using DMF is a strength of this analysis. Recall bias was evident in some answers in round 1; this was minimized in round 2 by asking the same questions with a 6-month recall. Outstanding incongruences may relate to changes in clinical practice between rounds 1 and 2 as more knowledge about optimal use of DMF became available. Practice gradients detected across countries require confirmation by another study. Of note, no attempt was made to ascertain whether GI AEs were attributable solely to DMF.

This first real-world assessment of strategies to mitigate DMF-associated GI AEs among nurses in MS clinics suggests that most PWMS are able to remain on DMF treatment. After temporary discontinuation of DMF due to GI AEs, treatment can be restarted successfully with implementation of slow dose titration, symptomatic therapies, and educational consultations. Prospective testing of these strategies is needed in the development of clinical practice recommendations.
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